The congenital anomaly in which the left coronary artery arises from the main pulmonary artery is infrequent, but lethal, and since it can be alleviated surgically, its recognition and hemodynamic consequences are important. On the basis of 140 reported cases and our seven cases, it seems to present in one of four ways: (1) in infancy with angina-like symptoms or as cardiomyopathy, and later (2) as mitral insufficiency, (3) continuous murmur, or in adults (4) by sudden death. Visualization of the coronary arteries provides the definitive diagnosis, and the problem is the selection for this procedure. The electrocardiogram, the most helpful laboratory aid, is diagnostic of infarction in 80% of the infant group; in the remainder other forms of cardiomyopathy may be confused. Although blood flows directly into the pulmonary artery in the majority of cases, it flows in the reverse direction in a few and this must be determined preoperatively. Some unanswered questions are the subject of discussion: Why the majority of infants have onset of symptoms at about 8 weeks of age, and why some survive to childhood and adult life. The pathological findings are reviewed. Although the greatest surgical therapy experience has been with obliteration of the anomalous left coronary artery (ALCA) at its connection with the pulmonary artery, anastomosis between aorta and ALCA provides an additive supply for both the present and the future.
24 nea, wheezing, or angina-like episodes (usually occurring after feeding and described as the sudden onset of a distressed state characterized by pallor with ashen gray countenance), perspiration, and severe dyspnea. Either no systolic murmur, or a very short unimpressive grade I-II/VI systolic ejection murmur, was present.
The majority of patients died in their first year of life; four4 ' 16, 22, 25 died in the second year; eight survived to childhood9 ' 17, 18, 22, 25, 28 or adulthood. 27 Most of these eight had been in congestive heart failure in infancy; four becoming asymptomatic despite the presence of mitral insufficiency in two; two others with mitral insufficiency remained symptomatic. One patient died suddenly at 4 years of age and another developed angina pectoris at 29 years of age.
One of our patients (case 6) is a similar survivor. He became ill at age 3 months. At 9 months there was evidence of anterolateral infarction on the electrocardiogram. He became asymptomatic at 3 years of age, and is alive and well at 10 years of age, subsequent to the successful ligation of the anomalous left coronary artery (ALCA) at 6 years of age.
Group II-Mitral Insufficiency
Patients with a murmur of mitral insufficiency may present in infancy or later. Fifteen cases are reported, 6, 8, 22, 25, 26, 2932 of which 11 were infants. The murmur was first heard at the age of 1 to 4 months, but only in two was the mitral insufficiency hemodynamically significant by the age of 2 months'8 and 12 months, respectively. 25 In our two patients (cases 6 and 7) an apical systolic murmur was noted at age 3 and 6 months, respectively, but only in case 6 was the mitral insufficiency of hemodynamic importance.
Three of the four adults,30 32 an 18-yearold boy and two 26-year-old women, developed congestive heart failure and atrial fibrillation prior to their final hospital admission. The fourth patient29 died at 53 years of age of cardiac failure. In no case was the diagnosis of an ALCA made during life. The importance of recognizing this cause of mitral insufficiency is emphasized by the fact that two adults31' 32 and one infant25 died at the time of mitral valve surgery and only then was the presence of an ALCA recognized.
Group HI-Continuous Murmur Syndrome Nine patients, 1618, 24, 27, [33] [34] [35] [36] [37] [38] [39] children and adults, presented with a murmur detected at routine examination, described as continuous or as systolic and diastolic. Their ages ranged from 3 to 29 years. Most patients appeared to be in good health and all had normal peripheral pulses and pulse pressures, but two16, case 1; 18, case 3 were poorly developed and had episodes of angina, prompting, in both, the successful ligation of the ALCA.
In four cases,28 33-35 the continuous murmur simulated that of a patent ductus arteriosus leading to a futile search for such in one patient. 35 In another,34 both a patent ductus arteriosus and an ALCA were present, but when the ductus was obliterated, a continuous murmur persisted. This patient died of hemorrhage at the time of operation, this being the only death reported in this group. In the remaining cases, the continuous mur-Circulation, Volume XXXVIII, August 1968 Group I Group II Group III Group IV mur was located along the left sternal border. When the murmurs were described as systolic and diastolic, the location was either in the pulmonary area27 39 or along the left sternal border. 16' 18 In two cases24' 36 an additional mitral insufficiency murmur was present. In the case reported by Cumming and Ferguson,36 the murmur of mitral insufficiency became obvious only after the continuous murmur had been abolished by the ligation of the ALCA. Group 
IV-Sudden Death in Adults
There are adult patients who do not fit into either group II or III. Of 11 patients40-48 aged 16 to 60 years, nine died suddenly-one after a 10-year period of angina pectoris, hypertension, and atrial fibrillation, and one accidentally. Eight of the nine patients who died suddenly had had no cardiac symptoms, but one had had an episode of precordial pain 10 years prior to death. Five of the asymptomatic patients died after some exertion. [42] [43] [44] 47 Pathological Findings The ALCA arises from the pulmonary artery usually behind the left cusp or the posterior cusp of the pulmonary valve.
Group I-Infant Syndrome
Autopsy reports were available on almost all patients. The right coronary artery was dilated and tortuous. Grossly visible anastomotic vessels between the right and left coronary arteries were observed in only three cases, 9 49 but the presence of such anastomoses has been demonstrated by several authorS7-9, 12, 14, 25 by postmortem perfusion experiments.
The left ventricle was always markedly dilated and the weight of the heart was greatly in excess of normal. Secondary endocardial fibroelastosis (EFE) of the left ventricle was constantly present, but to a variable degree.
Recent and older infarcts and areas of diffuse myocardial fibrosis were present in the distribution of the left coronary artery.
The changes were most frequently subendo-Circulation, Volume XXXVIII, August 1268 cardial, involving the inner third or half of the myocardium, sometimes with focal calcification of the fibrotic areas. Occasionally both papillary muscles of the left ventricle were involved.6 ' 7, 22, 48 Extensive ventricular scarring, especially at the apex, resulted sometimes in aneurysmal dilatation. Group 
II-Mitral Insufficiency
Three pathological changes, alone or in combination, could have caused mitral insufficiency.
Scarring and Calcification in the Papillary Muscles of the Left Ventricle
In three cases the posterior papillary mus-cle22 was abnormal but, more frequently and in our case 7, it was the anterior papillary mus-cle3' 6, 29 49 that was abnormal. In a few cases also, both papillary muscles were abnormal.3' 7 1,ses 2, Changes ranged from focal fibrosis and calcification to extensive scarring. Marked calcification was present in one adult,29 in whom the anterior papillary muscle and its chordae tendineae were completely calcified and looked like a bizarre rock formation. Similar changes involving the papillary muscles are observed in coronary atherosclerotic disease.50 al
Endocardial Fibroelastosis Involving the Mitral Valve
In two adult patients there was EFE of one or both ventricles with calcification of the mitral valve,31 or with fusion of the valve cusps and shortening of the chordae tendineae.3" Left Ventricular Dilatation Causing Mitral Valve Ring Dilatation, and Alteration of Or-igin of Papillary Muscles, or Both Talner25 and Burchell,32 and associates, each reported a case of extensive myocardial fibrosis leading to dilatation of the mitral valve ring which they felt could account for the mitral insufficiency. Estes and co-workers52 noted that dilatation of the left ventricle involves mainly the apical region and causes an apparent migration of the papillary muscles toward the valve ring rendering their axes tangential to that of the ventricle. Moller and associates49 described the hearts of three infants in which the papillary muscles of the left ventricle were smaller and had a higher origin from the wall than is normal. They considered that this rendered them immobile and the valve insufficient during early systole. Similar findings were noted by others. 22' 25 Of the four adult cases of this group, the left coronary artery was "veinlike" with prominent anastomoses with the right coronary artery in one case.3' In the others no such anastomoses were visible and the arteries were similar in structure. 29 30,32 The coronary vessels were injected in one,29 and the mass did not pass from one vessel to the other. Group 
III-Continuous Murmur Syndrome
Of the nine group III patients, eight are alive. The single autopsy34 revealed that the ALCA was grossly veinlike and there were visible anastomoses between the right and left coronary arteries. The right coronary artery supplied the posterior wall of the left ventricle. Group 
IV-Sudden Death in Adults
The important pathological features were as follows:
1. A Large Tortuous Right Coronary Artery. In the six reports6' 41, 42, 4446 with detailed postmortem descriptions of the distribution of the coronary arteries, the right supplied the posterior wall of both ventricles, and in three cases,4446 the lateral wall of the left ventricle as well. The left coronary artery was described either as veinlike or as having the same appearance as the right coronary artery.41' 44, 45 2. Anastomoses Between the Right and Left Coronary Arteries. These were usually not evident grossly.
3. Fibrosis of the Inner Third or Half of the Myocardium. This was evident in eight cases. In one case the right coronary artery supplied all the myocardium, except the area of distribution of the descending branch of the LCA, and the myocardium was normal.
In two cases40' 41 Abbott, in 1908,40 reasoned that the flow in an aberrant coronary artery was toward the pulmonary artery, being derived via anastomotic vessels from the normally arising coronary artery. These observations were generally lost sight of until Edwards54 55 reviewed and reestablished them in 1958.
It is now apparent that only occasionally"' 13, 21, 24 does blood flow from the pulmonary artery into the ALCA.
Flow from ALCA to Pulmonary Artery
This has been demonstrated repeatedly, 8, 14, 16, 20, 22, 25 first by Apley and associates,8 who during an attempt to anastomose the left coronary and subclavian arteries in a 1year-old child noticed bright red blood coming from the pulmonary end of the left coronary artery. Sabiston and co-workers'4' 15 demonstrated that blood from the ALCA was fully saturated. In other cases '6' 20, 25 and in our cases 5 and 6, flow from the right coronary artery to the pulmonary artery via the ALCA was demonstrated by aortogram or by selective right coronary arteriogram.
Among the patients with a continuous murmur there were eight'6' 18, 24, 35, 36 who underwent aortography and each showed a tortuous right coronary artery, with large collateral vessels filling the ALCA which drained into the pulmonary artery. In seven of them a slight increase in oxygen saturation in the pulmonary artery was noted as evidence of the left-to-right shunt of the arteriovenous fistula. Slight increase in oxygen saturation at the pulmonary artery level during right heart catheterization has only been described in one infant.20
Flow from Pulmonary Artery to ALCA This has been demonstrated by a venous angiogram in five cases,"' 13, 24 but in Nadas'
Circulation, Volume XXXVIII, August 1968 case 2,21 the anomalous vessel was not opacified during a pulmonary artery angiogram, and despite the unusually large right coronary artery on an aortogram, neither collateral vessels nor a left coronary artery were demonstrated. At operation the ALCA was blue and severe electrocardiographic changes of ischemia followed its ligation. Postmortem examination revealed a fresh infarct as well as an old infarct in the distribution of the ALCA.
Pressure Relationships
The pressure relationship between the ALCA and the pulmonary artery was first recorded by Sabiston and associates.14 Initially the mean pressure in the ALCA was 30 mm Hg, but after clamping the artery near its anomalous origin, its mean pressure rose to 75 mm Hg with a simultaneous mean pressure of 25 mm Hg recorded in the pulmonary artery. Rowe and Young56 found simultaneous pressures in the ALCA and the pulmonary artery of 32/14 mm Hg compared with 140/17 mm Hg in the internal mammary artery. With the aberrant vessel occluded at its origin, the pressure in it rose to 100/50 mm Hg. In our case 5, the pressure in the ALCA was 30 mm Hg systolic and rose to 50 mm Hg systolic when the vessel was occluded. Pressure in the aorta was 60/50 mm Hg. In case 6 the pressure in the ALCA was 62/38 mm Hg and after occlusion it rose to 108/48 mm Hg.
Factors Determining Age of Onset of Symptoms
The interval after birth before the onset of symptoms requires explanation. There is a disparity between the well established pathological findings of myocardial fibrosis noted above, and in our own infant cases (see table 5 ), and the onset of symptoms which, in the majority of cases, first occurs at about 8 weeks after birth, and only seven of 60 patients were symptomatic by the second or third week of life. A number of changes take place in the newborn period which may be relevant.
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Pulmonary Artery Pressure This is systemic in fetal life and at birth and would favor flow from pulmonary artery to the ALCA. This pressure quickly falls to its adult level within 7 to 10 days in normal infants,57 and if this reduction in the pressure in the pulmonary artery were the sole factor in the production of the myocardial ischemia, all patients with the condition could be expected to develop symptoms within the first 2 weeks of life.
Collateral Circulation from Right Coronary Artery
Intercoronary artery anastomoses of varying degree have been demonstrated in the normal newborn,58 but for reasons discussed in detail below these may be of little significance.
Left Ventricular Muscle Mass
As already noted, the predominant myocardial change is located in the subendocardial area involving the inner third or inner half of the ventricular wall. Estes and co-workers59 pointed out that a significant factor reducing the blood flow to this region is a decreased pressure within the coronary arteries on the epicardial surface, reducing the transmural gradient. In patients with coronary arteriosclerosis, who died of infaretion without coronary occlusion, the site of their lesion was subendocardial. The heart weights in such cases60'61 were 70% in excess of normal, as compared with 50% in excess of normal in hearts in which infarction occurred secondary to coronary occlusion. The heart weight was recorded in 19 cases of ALCA. 1-5, 7, 8, 10, 12,16, 24, 26, cases 1, 3 In the 14 cases in which death occurred at 2 to 5 months of age, with symptoms starting between 1 to 8 weeks, the heart weighed between 45 and 180 g (average, 96 g) which was three times the average weight for the age as compared with the normal values of Recavarren and Arias-Stella.62 In the five older patients who died between the ages of 6 and 17 months, the heart weights were approximately three times normal.
Thus one might postulate that ischemia secondary to the reduced pulmonary artery pressure during the first 10 days of life will initiate dilatation and hypertrophy, and a point will be reached at which the oxygen demand will exceed the supply, either from the pulmonary blood or from collaterals, and acute or chronic myocardial changes will ensue.
Possible Role of Decline in Total and in Fetal Hemoglobin
Between birth and 3 months of age total hemoglobin decreases steadily to a level of 11 or 12 g%. At the same time the proportion of fetal hemoglobin falls from 55 to 85% at birth to about 10% by 4 months. 63 The oxygencarrying capacity is thus gradually reduced to its low point around 3 months of age, and this effect may be accentuated by the reduction of the amount of fetal hemoglobin in which the oxygen dissociation curve lies to the left of hemoglobin A. It might be reasonable to consider that if the viability of an area of myocardium supplied by the ALCA was marginal, its continued existence or death might be dependent upon the rate at which the percentage of total and fetal hemoglobin declined.
Survival Beyond Infancy
Two mechanisms which might reduce the degree of left ventricular ischemia and promote survival to adult life merit examination:
Interarterial Colateral Circulation
The demonstration of intercoronary artery anastomoses of varying degrees in the normal newborn by Reiner and associates,58 could suggest that the infant who survives with an ALCA may do so because of unusually abundant collateral vessels capable of development in response to ischemia.25 However, it is apparent that a well developed interarterial collateral circulation does not necessarily prevent myocardial ischemia, as demonstrated in our case 4 (see table 5 ) and illustrated by the occurrence of angina-like symptoms in two patients16 18 with well-developed anastomoses. Also Rowe and Young56 observed that before ligation of the ALCA the left ventricular myocardium was cyanotic and its contraction impaired, but after the vessel was occluded both color and contractions greatly improved. Dye injected into the ALCA prior to its obliteration did not stain the myocardium but simply ran off into the pulmonary artery. However, after ligation the dye which was injected into the ALCA stained the myocardium in the distribution of this vessel and passed in retrograde fashion into the RCA toward the apex of the heart. These observations indicate that despite a good connection between the RCA and the ALCA, arterialized blood which enters the ALCA via collaterals tends to flow into the pulmonary artery because of the lower resistance there as compared with that in the myocardial distribution of the ALCA.
Altered hemodynamics that would encourage flow into the vascular bed, for example, increased pulmonary artery pressure, a very large collateral flow, or narrowing of the junction between ALCA and pulmonary artery, could explain survival, but review of reported cases provides no evidence for these.
Right Coronary Artery Preponderance
The smaller the area supplied by the ALCA, the less extensive the myocardial ischemia is likely to be. In adult cases of group III and IV,29 [44] [45] [46] the right coronary artery supplied not only the posterior wall of the left ventricle, but also its lateral wall. Perhaps this reduction in the area of the myocardium supplied by the ALCA would favor survival.6 Jurishica34 ascribed the survival of an athletic patient to a coribination of good collateral supply and predominance of the right coronary artery. However, in all four of our deceased infants the right coronary artery appeared to be the predominant one (see table 5 ).
Diagnosis
Aortography is the definitive diagnostic procedure with the injection of the contrast medium immediately above the aortic valve or directly into the right coronary artery. When the ALCA functions as an A-V fistula, the dye will be seen to pass via collaterals to the left coronary artery and thus to the Circulation, Volume XXXVIII, August 1968 pulmonary artery. The problem is to define in which patients this study is warranted, on the basis of the clinical findings described above and the following laboratory tests:
Chest X-Ray This is not usually helpful in the differential diagnosis from other forms of cardiomyopathy in the infant age group. The heart is uniformly enlarged with a large left ventricle and frequently an enlarged left atrium, particularly in those patients with mitral insufficiency. Signs of pulmonary edema may or may not be present. In one patient in group III,18 the x-rays showed an increased pulmonary blood flow and this, together with the continuous murmur, suggested a patent ductus arteriosus.
Electrocardiogram

Group I-Infant Syndrome
The electrocardiograms of 50 patients with ALCA were reviewed (table 2) and compared with those of 32 cases of idiopathic endocardial fibroelastosis and four of coronary calcinosis (table 3) . The predominant conclusions from this study were as follows:
1. The diagnosis of myocardial infarction could be reasonably established in 80% of 50 infants on the basis of a Q-T pattern, which as noted in table 2, occurred in leads I, aVL, and the left precordial leads, or was frequently apparent only in aVL and the left precordial leads. (To establish these figures a Q of 4 mm or greater and T-wave inversion were required.) 2 . In all but one of the 50 cases of ALCA, T-wave inversion was present in one or more of leads I, aVL, V4 to V6. S-T segment elevation was present in one of these same leads in 40% of the cases.
3. The 20% of ALCA cases in which T waves were inverted could not be distinguished electrocardiographically from those of fibroelastosis, coronary calcinosis, and other forms of cardiomyopathy. 4 . In distinguishing the electrocardiogram of the ALCA cases from those of endocardial fibroelastosis and coronary calcinosis, it is noted that the Q-T pattern observed in 80% Circulation, Volame XXXVIII, August 1968 of the ALCA patients was present in only one case of coronary calcinosis and was not present in any of the 32 cases with endocardial fibroelastosis (table 3) .
In view of the variable findings in the few vectorcardiographic studies thus far reported,22' 28, '8 it seems unlikely that this approach will be of particular advantage in the differential diagnosis of ALCA. Group 
II-Mitral Insufficiency
The eight available ECGs of this group are listed in table 4 . The outstanding features not usually present in mitral insufficiency of other etiologies were as follows:
1. A Q-T pattern was present in aV1, in two ECGs, and in another two the R waves were absent in the midchest leads, a finding compatible with anterolateral infarction.
2. Left axis deviation was present in five of the eight tracings. The one patient'8 ease 2 who did not show either the Q-T pattern or left axis deviation had left ventricular hypertrophy and marked T-wave changes somewhat out of proportion for mitral insufficiency alone.
Group Ill-Continuous Murmur Syndrome
The available electrocardiograms of seven of these patients are listed in table 4 . In four, a diagnosis of anterior infarction could be made, in one, anterior ischemia, and in the remaining two, the electrocardiogram was within normal limits. There were no normal electrocardiograms in groups I and II.
Right Heart Catheterization
An increase in oxygen saturation in the pulmonary artery may or may not be detected. In our case 6 there was a slight increase. In only rare instances1', 13, 17, 24 has a pulmonary artery angiogram demonstrated the ALCA.
Bookstein24 showed that assessment of the left ventricular wall thickness during a venous angiogram might be useful in differentiating between endocardial fibroelastosis and ALCA. In four infants and in one child the thinning of the lateral left ventricular wall was striking, and the involved area did not A09 Electrocardiogram in the First Two Years of Life in Patients with ALCA WESSELHOEFT ET AL. that in this case the blood flow was from pulmonary artery to ALCA.
Of the 26 cases reported in which the ALCA was ligated at its origin, 8' 9, 11, 14-16, 18, 21-23, 25, 26, 28, 36, 38, 39 20 were infants and six children. All the latter survived, but 10 of the infants succumbed-eight from ventricular fibrillation and one,9 2 months postoperatively from congestive heart failure. In the other,70 the ligature which had been placed close to the origin of the ALCA from the pulmonary artery was not found, but stenosis was observed distal to the site of the ligation. Our two patients each followed a different course. An 8-year-old boy (case 6) who had been asymptomatic prior to operation suffered from moderate congestive failure for 4 weeks after ligation. This resolved and he has remained well for the 5 succeeding years. In the 14-month-old infant (case 5) who had severe congestive failure prior to operation, ventricular fibrillation occurred im- The infants", 14, 20-22, 25, 28 surviving ligation were all improved clinically. Congestive heart failure disappeared, and there was rapid gain in weight and normal growth. Reduction in heart size on chest x-rays has been reported by a few authors14 20, 21, 28 be-Circulation, Volume XXXVIII, August 1968 tween and 3 years after operation and our own case 5 has shown some reduction in heart size 3 years after operation, but in no patient has a reduction to a normal heart size been reported. In one of the infants, the electrocardiogram showed diminished evidence of myocardial ischemia, and in another,2' although the left axis deviation persisted, signs of myocardial infarction disappeared. In our case 5, although the deep Q in aVL diminished, signs of ischemia have persisted. In older children, as in our case 6, the success of the ligation may be hard to judge, since they may be asymptomatic prior to operation. Neither heart size nor electrocardiographic findings have shown significant improvement. The information available thus far does not permit a conclusion that ligation of the ALCA prevents the sudden death to which those patients are prone.
In the operative approach accomplished recently by Cooley and associates7' an anastomosis between the aorta and the distal end of the ALCA provides a direct method of correction of the anomaly. It would, of course, be technically difficult in the infant group.
Report of Cases
Since 1938, seven patients (cases 1 to 7) with ALCA have been recognized at The Montreal Children's Hospital. Table 5 lists the clinical and postmortem findings in four infants. One more infant (case 5) underwent ligation of the ALCA. Two patients had mitral insufficiency: in one (case 6) the ALCA was ligated, and the other (case 7) died suddenly. The records of cases 5 to 7 are summarized briefly. Case 5 M.N., a female (M.C.H. No. 252656) was well until 3 months of age when acute heart failure supervened. At age 6 fig. 3 ; ECG, fig. 4 ). A coronary angiogram filled only a large tortuous right coronary artery with the contrast medium seen entering the pulmonary artery, and established the diagnosis of ALCA with flow into the pulmonary artery.
At operation (at age 14 months), what appeared to be a left anterior descending coronary artery joined the pulmonary artery. When it was occluded, the pressure distal to the ligature rose from 30 to 50 mm Hg systolic (aortic pressure, 60/50 mm Hg). Shortly after ligation, ventricular fibrillation occurred and lasted for 20 minutes before defibrillation following administration of bicarbonate was successful.
Five months after operation the child was asymptomatic-a striking contrast to the persistent heart failure from age 3 months. Chest x-rays Circulation, Volume XXXVIII, August 1968 2% years after operation showed slight, but definite, decrease in heart size. The ECG was not significantly changed. She is now 5 years old and remains active and well. Case 6 P.C.H, a male (M.C.H. No. 166862), was found to have an apical systolic murmur at age 3 months, but was asymptomatic. At age 8 months congestive heart failure developed and the ECG showed an inverted T in lead I and Q-T pattern in aVL, V5, and V6 indicative of anterolateral infarction. With digitalis the infant became asymptomatic after the first year of life. He was first seen here at age 3 years with signs, but no symptoms, of mitral insufficiency (chest x-rays, fig. 5 ; ECG prior to ligation, fig. 6 ). Heart catheterization at age 6% years showed an increase in oxygen saturation of 18% and a pressure of 32/13 mm Hg in the pulmonary artery. The left ventricular end-diastolic pressure was 10 right coronary artery which drained through the left coronary artery into the pulmonary artery.
At operation (age 7 years) a typical ALCA was found. Before its occlusion, the mean pressure in the ALCA (and the pulmonary artery) was 50 mm Hg. After occlusion, the pressure in the distal ALCA rose to 100 mm Hg. The left ventricle was gray and fibrotic, and neither its appearance nor its contractions changed after ligation. The ECG remained stable throughout the procedure. Postoperatively the patient had moderate congestive heart failure for 4 weeks, and then became asymptomatic. Five and one-half years later, he is well and without limitation in exercise tolerance. There is no significant change in heart size, in the electrocardiogram, or in the apparent degree of mitral insufficiency. Case 7 M.L., a male (M.C.H. No. 44812, A.60-140), died suddenly at age 19 years while engaged in mild physical activity. He had been seen between the ages of 6 and 15 years. He was said to have had a murmur since age 6 months, and between 2 and 4 years of age he had been dyspneic on moderate exercise. This improved so that prior to his death his exercise capacity was not markedly restricted. Once, at age 11 years when shovelling snow, he complained of chest pain and marked fatigue. The main physical finding had been a grade III/ VI apical Case 6, P.CH., age 6 years. This patient had mitral insufficiency and this tracing, prior to ligation of the ALCA, shows marked amplitude of SV1, RV5, 6 with a marked T-wave inversion in I, V5, 6 At age 8 months the electrocardiogram was compatible with acute anterolateral infarction, with a deep Q wave, which is no longer present. The date is June 10, 1962. systolic murmur. There was moderate cardiomegaly at age 7 and 12 years (fig. 7) . The ECG at age 7 years showed an abnormal Q and biphasic T waves in lead I (six-lead ECG). By age 10 years there was no T inversion in leads I and II, but a persistent Q in lead I and aVL ( fig. 8 ).
Autopsy. The heart (weight, about 400 g) only was available for examination, and it had been previously dissected elsewhere. The rightsided chambers and valves and the aortic valve appeared normal.
A typical ALCA was present. The right coronary artery was dilated and tortuous with a thicker wall than the left and could be dissected to its ending on the lateral wall of the left ventricle. No interarterial anastomoses were seen.
The structure of both vessels close to their Figure 4 Case 5, M.N., age 13 months. Electrocardiogram 1 month prior to operation, compatible with anterolateral infarction. Figure 5 Case 6, P.CH., age 3 years. Chest x-rays in posteroanterior and right oblique projection demonstrate the enlarged heart. No further enlargement was noted prior to operation at age 7 years.
Circulation, Volume XXXVIII, Augurt 1968 r igure Case 7, M.L. Chest x-rays at age 7 (left) and age 12 years (right). No significant change in heart size in the 5 years. rkigure n Case 7, M.L., age 10 years. At age 7 years the Q1 was similar but at that time T in lead I was biphasic. See text.
Circulation, Volume XXXVIII, August 1968 XA22 origins was similar, with slightly thickened intima composed of fibrous and elastic tissue, external to which was a muscular layer running diagonally and longitudinally and containing scattered elastic fibrils. A clear-cut internal elastic lamina was not present. The distal branches of the ALCA in the left ventricle and left side of the interventricular septum showed musculoelastic thickening of the intima and irregular hypertrophy of the media with patchy medial fibrosis. The left atrium was slightly dilated and hypertrophied with a regurgitant jet lesion of the posterior wall indicating mitral insufficiency. The mitral cusps and chordae tendineae, however, were normal.
The left ventricle was moderately dilated and hypertrophied with slight diffuse endocardial fibroelastosis and marked ancient scarring with focal calcification of the inner third of the myocardium anteriorly. The anterior papillary muscle was markedly fibrotic and focally calcified, while the posterior papillary muscle showed only minimal fibrosis. The posterior wall of the left ventricle showed slight apical scarring. The interventricular septum was not scarred.
